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Fine roots of tropical rain forests are sometimes associated with decomposing organic matter at the soil surface. This 
association is considered by some authors to be important in recovery of nutricnts by the vegetation. In this paper, experimental 
evidence is presented to show that the association results from a dynamic process and is not a coincidental result of negative 
geotropism. The association appears to be the result of random encounters of growing roots with organic matter, followed by 
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increased branching at that site. The concentration of absorbing tissue in such relatively nutrient-rich sites as decomposing 
organic matter implics more effective ion absorbtion than would result if roots were randomly distributed in the soil volume. 
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Les radicelles dans les forêts ombrophiles tropicales sont quelquefois associées à la matière organique en décomposition à 
la surface du sol. Certains auteurs estiment que cette association est importante dans la récupération des éléments par la 
végétation. A partir d'une évidence expérimentale, on montre ici que |’association en question est le résultat d'un processus 
dynamique et qu’elle n’est pas une coincidence attribuable à du géotropisme négatif. L’association semble étre le résultat de 
rencontres au hasard de racines en croissance avec de ja matière organique suivies d'une augmentation des ramifications au 
lieu de la rencontre. La concentration des tissus absorbants dans des lieux relativement riches en éléments nutritifs comme la 
matière organique en décomposition se traduit par une absorption plus efficace des ions que si les racines étaient distribuces 


au hasard dans le sol. 


Introduction 


An association of forest roots with decomposing 
organic matter (OM) has been noted in several forest 
ecosystems (Damman 1971; Kimmins and Hawkes 
1978; Woods 1957). In certain Amazonian rain forests 
most of the fine-root biomass lies above the mineral soil 
in a layer of humus and detritus (Klinge 1973; Klinge 
and Herrera 1978; Stark and Spratt 1977). Observations 
of this root mat led Went and Stark (1968), in their 
well-known direct nutrient cycling theory, to suggest 
that the association of fine roots and OM causes effi- 
cient recovery of nutrients in the tropical rain forest. 
Jordan and Herrera (1981) and Jordan (1982) also con- 
sidered this a specific adaptation for nutrient recovery 
in the Amazon, 

The following alternative hypotheses could account 
for the root-OM association. (i) Roots come to the 
surface because of negative geotropism (Lyford 1975). 
(ii) Aluminum toxicity (Foy 1974), flooded soil, or 
another inhibitory factor in mineral soil means the roots 
are able to grow only at the surface. (iii) Roots display 
some sort of tropism for nutrients (Liebig, quoted by 
Weaver 1926) or organic matter (Stark 1971). (iv) 
Roots grow in an unbranched extension mode until ran- 
domly encountering organic matter, then convert to a 
highly branched mode (Lyr and Hoffman 1967; Rogers 
and Head 1969), with the result that the greatest propor- 
tion of fine roots appears in association with organic 
matter. The first two hypotheses imply that the root— 
OM association is only coincidental. Hypotheses (i) 
and (iii) were examined experimentally and hypotheses 
(ii) and (iv) were examined deductively, based on char- 
acteristics of the site and analysis of the experimental 
results. 


Methods 


Study sites 

The experiments were carried out at two sites in old-growth 
lowland evergreen rain forests near Manaus, Brazil. The sites 
were chosen because they differed greatly in amount of 
aboveground root growth, in species composition of the 
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forest, and in soil properties. Sites 1 and 2, both on non- 
flooded soil, were on Oxisol and Entisol (white sand), re- 
spectively. At both sites annual precipitation was about 
2000 mm, with a dricr period from July to September. 
Experiments at both sites were carried out entirely during the 
wet season. Site 1, described by Prance et al. (1976), had 
little accumulated surface litter. Where a litter layer was 
found, fine roots usually grew into it from underlying soil, At 
site 2, described by Anderson et al. (1975), humus and litter 
occurred on the soil surface over most of the site, and ranged 
from 4 to 10 cm in depth. Most of the fine roots of the forest 
were associated with this layer. 

The method for determining the response of roots to the 
decomposing leaves was adapted from Lund ef al. (1970). 
Plastic mesh bags were filled with 2 kg of sand (control) or 1 
kg of sand and an equivalent volume of decomposing leaf 
litter of Theobroma cacao L. The litter, collected in a planta- 
tion near site 1, was a mixture of material varying in age from 
zero to a few weeks. All material consisted of casily recog- 
nizable cacao leaves in early stages of decomposition. The 
bags were about 40 cm in length, 10 cm in width, with mesh 
openings of about 5 mm. These dimensions are approximate 
because width and mesh size varied with distension of the 
material. 

The bags were inserted into holes made with a !0-cm- 
diameter soil-sampling tube. Any organic layer was lifted 
away, and a hole was made to a depth of approximately 
20 em. Each mesh bag was enclosed in an inverted plastic 
bag, folded to retain the bag’s contents until it was in place. 
The plastic bag was then withdrawn. The necks of the yellow 
mesh bags were left exposed on the soil surface to aid in 
sample recovery. The organie layer, when present, was 
pressed back into place around the bags. Fifteen bags of each 
treatment were placed at each site, interspersed throughout a 
rectangular area of about 20 x 30 m. The bags were left in 
place for 30 days. At harvest they were withdrawn, severing 
the roots where they entered the bag. The total length of root 
in each bag, which included roots that entered from sur- 
rounding soil and any branches these produced in the bag, was 
determined by the method of Newman (1966). 


Results 


In some treatments fewer than 15 bags were recov- 
ered. Root lengths were much greater in OM treatments 
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TABLE 1. Root growth experiments in two tropical terra 
firme forests near Manaus, Brazil 


Control OM 
Site 1 
Mean root lengths (CM) + SE  9.28+2.36  135+44.9 
No. of observations 14 13 
Site 2 
Mean root lengths (CM) + SE 14.343.70 125245.8 
No. of observations 15 15 


TABLE 2. The number of bags with no roots in control and 

organic matter treatments, two forest sites combined; p of this 

or a more extreme table = 0.226, NS, by Fisher’s exact 
probability test (Siegel 1956) 


Control Organic matter 
No roots 5 2 
Roots present 24 26 


at both sites (Table |). Owing to the skewed distribution 
of values the Wilcoxon rank sum test (large-sample 
approximation; Hollander and Wolfe 1973) was ap- 
plied. At both sites the root lengths were significantly 
greater in the OM treatment than in the control (Table 
l; W* = 2.80, p < 0.01, and W* = 2.20, p < 0.05, 
respectively). 

The proportion of bags in which no roots had 
appeared was analyzed by combining data from the two 
sites (Table 2). The Wilcoxon rank sum test applied 
separately showed the corresponding treatments to be 
statistically indistinguishable. lt was shown by Fisher’s 
exact probability test (Siegel 1956) that the proportions 
of bags lacking roots could occur by chance 23% of the 
time. This indicates that roots were no more likely to 
enter an organic matter bag than a control bag. 


Discussion 


The experiment showed a specific response of root 
length to decomposing OM. The results and conditions 
of the experiment may be used to distinguish between 
the alternative hypotheses suggested in the introduc- 
tion. Negative geotropism is ruled out because both 
control and OM treatments were at equal depths in the 
soil, Flooding cannot be implicated because at both 
sites the water table is below the soil surface during the 
entire year and in any case would have affected control 
and OM treatments similarly. Aluminum content was 
about 2.8] mequiv./100 g of mineral soil at site | and 
about 1.15 mequiv./100 g at site 2 (Anonymous 1969), 
but root development in the organic horizon was greater 
at site 2. Aluminum toxicity was more severe at the 
field site with less surface root development and thus is 
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TABLE 3. Frequency distribution of length of roots in organic 

matter treatment, two sites combined. Class limits are from 

0.49 below to 0.5 m above the integer value (zero class in- 
cludes 0-0.5 m} 


Root length (m) in classes No. bags in class 


l 
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Nore: U = 0.043 + 0.3 (this frequency distribution is satisfactorily de- 
scribed by the negative binomial (Bliss and Fisher £953)). 


not the main factor controlling root distribution. Alumi- 
num was not determined in the two experimental treat- 
ments, but should have been similar or higher in the 
presence of decomposing OM. Tropism for organic 
matter is eliminated because the proportions of zero 
root lengths, reflecting the probability that outside roots 
will not enter the bags, were not significantly different. 
The remaining possibility, that extending roots encoun- 
tered the OM-enriched bags at random, then branched 
more profusely at those sites, is consistent with the 
observations and explains the increased root length in 
the OM treatment. The branching response of these 
roots is consistent with the finding that organic matter 
with an active microflora led to increased root branch- 
ing in laboratory conditions (St. John and Machado 
1978). 

A random process (encounter of roots with organic 
matter) followed by a growth process (branching in 
each bag) should lead to a contagious frequency distri- 
bution, indicating ‘‘aggregation.’’ The root lengths in 
combined OM treatments, divided into classes, fit the 
negative binomial distribution (Table 3) by the U-test 
(Bliss and Fisher 1953). The negative binomial is an 
example of a frequency distribution that often satis- 
factorily describes aggregated organisms in nature. 

The association between fine roots and decomposing 
OM means that the plant is essentially rooted in a me- 
dium richer in nutrients than the bulk soil. Diffusion 
often limits uptake of nutrients in soil, and additional 
roots in a locally rich site led to increased uptake in 
many circumstances (Barley 1970). Thus in at least 
these two tropical forests, there is a specific mechanism 
by which fine absorbing roots place themselves at the 
site of most nutrient mineralization and in so doing 
probably lead to improved mineral recovery and de- 
creased mineral loss from the ecosystem. 
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